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Abstract 
This paper reports, for the first time, an interesting phenomenon associates with the high current pulsed electron beam
˄HCPEB˅treatment: continuous solid solution of Al and Si elements of Al17.5Si alloy. The Al17.5Si alloy is treated by 
HCPEB in order to see the effect of the fairly recent technology on coarse primary Si of the alloy. After HCPEB treatment, no 
new phase forms in modified layer and nearly all diffraction peaks become broader than that of initial sample, Al diffraction 
peaks move to higher angles after treatment. Besides, coarse primary Si nearly disappears due to diffusion of Si and Al elements, 
Al and Si elements diffuse mutually and form continuous solid solution of Al and Si. The chemical compositions of Al and Si 
elements tend to gradually distribute, presenting “halos” morphology by EPMA analysis. Meanwhile, the microhardness of 
primary Si from the center to edge of halos microstructure also shows gradual distribution. 
PACS: 81.40.Cd˗ 52.77.Dq˗ 81.65.-b˗ 73.61.At˗ 87.56.N-˗ 66.30.Ny 
Keywords: Continuous solid solution˗ High current pulsed electron beam˗ Hypereutectic Al-Si alloy˗ Microhardness 
1. Introduction 
Over the past decades, great efforts have been devoted to the research of rapid solidification (RS). Compared 
conventional technologies, RS can achieve high performance alloys with refined microstructure, increased structural, 
chemical homogeneity and extension of solid solubility[1-3].In hypereutectic Al-Si alloys, coarse primary Si phase 
worsens the mechanical properties of alloys and many methods have been attempted to refine the coarse primary Si 
phase like adding modification elements, laser treatment et al[4-7]. In this paper, we attempt a new technology-high 
current pulsed electron beam to treat hypereutectic Al17.5Si alloy with an aim of refining the primary Si phase. 
High current pulsed electron beam (HCPEB) is a new emerging technology for surface modification, which can 
generate a high power density electron beam of 109–1012 W/cm2 with short pulse durations of a few microseconds [8-
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10]. The HCPEB irradiation induces superfast heating and melting of modified sample top surface that is followed by 
a rapid solidification of the melted layer by heat conduction towards the bulk [11-13]. Modification mechanism of 
HCPEB for pure Al, Fe-Al alloy, Mg, Mg alloy and different types of steel have been investigated in detail in our 
pervious studies [14-19], and the results show that surface microstructures of materials change after HCPEB treatment 
including grain refinement, composition homogeneity, ect[20-22]. We report, the first time, continuous solid solution 
of Al and Si elements in hypereutectic Al17.5Si alloy forms after HCPEB treatment.  
2. Experimental 
Al17.5Si alloy was a cast alloy and its nominal composition was as follow: 17.5wt. % Si, Al balance. Before 
HCPEB treatment, samples were cut into round bar of ¶10mm.Then samples were grounded with different types of 
sandpapers and were polished using 1.0ȝm abrasive paste of artificial diamond. Finally, the HCPEB treatments were 
carried out using a “Nadezhda-2” source with experiment parameters including accelerating voltage of 23 kV, 
energy density of ~3 J/cm2, pulse width of 1ȝs, pulse number of 15.  
The phase change was analyzed from the XRD of PW3040/60 Model. Microstructure in the modified surface of 
Al17.5Si alloys and diffusion process of primary silicon phase (Si) in Al matrix were further examined with SEM of 
SSX-550 Model. Besides, chemical composition distribution of Al and Si elements was investigated by EPMA of 
1610 Model and microhardness test was conducted by Vickers of 401MVDTM Model. 
3. Results and discussions  
3.1 Microstructure morphology 
Fig.1 gives SEM micrograph of hypereutectic Al17.5Si surface after HCPEB treatment with 15 pulses. The 
surface of samples presents typical “halos” morphology as shown in Fig.(a). The center of “halos” microstructure 
before HCPEB treatment is the primary Si phase. It is obvious that Si element has diffused from the center to edge 
of the “halos” during HCPEB treatment and even some small primary Si particles have been solid dissolved in Į-Al 
matrix completely and disappeared. Fig1. (b) gives the SEM micrograph of Į-Al matrix of HCPEB treated Al17.5Si 
alloy, presenting fine grain of about 10ǂm. It proved that the solidification of melted layer of the alloy is very rapid 
and there is no time for grain to grow under non-equilibrium freezing condition. In the following, we will discuss in 
detail another interesting microstructure of HCPEB treated Al17.5Si alloy: halos-continuous solid solution of Al and 
Si elements of hypereutectic Al17.5Si alloy.  
Fig.1. SEM micrograph of hypereutectic Al17.5Si surface after HCPEB treatment with 15 pulses 
(a) presents typical “halos” microstructure and (b) presents morphology of dendrite without second dendrite arms of Al solid solution forming 
after HCPEB treatment 
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3.2 XRD analysis of the surface layer 
Fig.2 shows XRD patterns of Al17.5Si alloy before and after HCPEB treatment with 15 pulses. Seen from figure 
2, no new phase forms in XRD pattern after 15-pulse treatment, and nearly all diffraction peaks become broader 
than that of initial sample, which can be attributed to microstructure refinement of melted layer of modified zone 
owing to high solidification rate of about 108 [23,11]K/s , and it is consistent with SEM analysis of Fig.1(b).Besides, the 
Al diffraction peaks move to higher angles after 15 pulses treatment, which presents decrease of interplanar spacing 
d by Bragg equation. It can be attributed to lattice distortion due to Si atom solid soluting into Al lattice during 
diffraction process of HCPEB treatment.  
Fig.2. XRD pattern of Al17.5Si alloy before and after HCPEB treatment with 15 pulses 
Fig.3. SEM second electron image (a) of halos microstructure after Al17.5Si alloy samples treated for 15 pulses, (b) and(c) present chemical 
composition of Al and Si area distribution after 15 pulses treatment 
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3.3 Micro area composition analysis of primary Si 
Fig.3 gives the typical halos micrograph and element composition distribution by electron probe micro analysis 
(EPMA) revealing change of primary Si phase before and after HCPEB treatment with 15 pulses. Fig.3 (a) shows Si 
element in primary silicon phase diffuses into Į-Al matrix and forms halos microstructure. Fig.3 (b) and (c) give 
composition area distribution of Al and Si elements respectively, which present gradual distribution trend from the 
centre to edge of halos microstructure. The composition gradient distribution demonstrates that Al and Si have 
realized interdiffusion during rapid solidification induced by HCPEB treatment, forming continuous solid solution 
of Al and Si in top modified layer. So Al-Si phase diagram will change from binary phase diagram of Al-Si alloy in 
equilibrium state (as seen in fig.4 (a)) to continuous solid solution phase diagram of Al and Si (as seen in fig.4(b)) 
under non-equilibrium condition. But now it is only a hypothesis, and a large number of experiments need to be 
completed in the future.  
3.4 Microhardness test results 
Fig.5 shows microhardness distribution from the center of halos microstructure to Į (Al) matrix, it can be 
concluded that microhardness of Į(Al) increases significantly with increasing content of Si element, and the 
microhardness of primary Si from the center to edge of halos also emerges gradient distribution. This phenomenon 
further proves existence of continuous solid solution of Al and Si elements in Al17.5Si alloy after HCPEB treatment. 
Meantime, this shows that high current pulsed electron beam has great advantage in treating coarse primary Si phase 
of hypereutectic Al-Si alloy. 
Fig.4. (a) shows binary phase diagram of Al-Si alloy in equilibrium state and (b) presents continuous solid solution of Al-Si 
 
Fig.5. Evolution of microhardness with distance from the center of halos microstructure of HCPEB-treated Al17.5Si (15 pulses) 
Fig.6 presents microhardness indentation graph of primary Si for Al17.5Si alloy after HCPEB treatment with 15 
pulses. Microhardness for primary Si from center to edge presents gradient changes and the trend is seen clearly 
through diamond area change. The result obtained is consistent with that of Fig.5. Meanwhile, we can see that Al 
matrix is no longer separated by primary Si phase after HCPEB treatment. And the corner of primary Si appears 
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passivation and combination state of primary Si and Al matrix becomes better owing to interdiffusion effect of Al 
and Si elements. These results contribute to increase in microhardness of whole alloy surface.  
Fig.6. Microhardness indentation graph of primary silicon for Al17.5Si alloy after HCPEB treatment with 15 pulses 
4. Conclusions 
In summary, no new phase forms in modified layer after HCPEB treatment and nearly all diffraction peaks 
become broader, Al diffraction peaks move to higher angles after 15 pulses treatment. Continuous solid solution of 
Al and Si elements in Al17.5Si alloy forms after HCPEB surface treatment and presents a special “halos” 
morphology, composition distribution of Al and Si elements shows gradual trend from center to edge of halos 
microstructure. The microhardness of primary Si from the center to edge of halos microstructure emerges gradient 
distribution. 
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